The objective of this study was to evaluate the effects of substituting wheat dried distillers grains with solubles (DDGS) for barley grain and barley silage on intake, digestibility, and ruminal fermentation in feedlot beef cattle. Eight ruminally cannulated Angus heifers (initial BW 455 ± 10.8 kg) were assigned to a replicated 4 × 4 Latin square design with 4 treatments: control, low (25%), medium (30%), and high (35%) wheat DDGS (DM basis). The diets consisted of barley silage, barley concentrate, and wheat DDGS in ratios of 15:85:0 (CON), 10:65:25 (25DDGS), 5:65:30 (30DDGS), and 0:65:35 (35DDGS; DM basis), respectively. The diets were formulated such that wheat DDGS was substituted for both barley grain and barley silage to evaluate whether wheat DDGS can be fed as a source of both energy (grain) and fiber in feedlot finishing diets. Intakes (kg/d) of DM and OM were not different, whereas those of CP, NDF, ADF, and ether extract (EE) were greater (P < 0.01) and intake of starch was less (P < 0.01) for the 25DDGS compared with the CON diet. The digestibilities of CP, NDF, ADF, and EE in the total digestive tract were greater (P < 0.05) for 25DDGS vs. CON. Ruminal pH and total VFA concentrations were not different (P > 0.15) between 25DDGS and CON diets. Replacing barley silage with increasing amounts of wheat DDGS (i.e., from 25DDGS to 35DDGS) linearly reduced (P < 0.05) intakes of DM and other nutrients without altering (P = 0.40) CP intake. In contrast, digestibilities of DM and other nutrients in the total digestive tract linearly increased (P < 0.05) with increasing wheat DDGS except for that of EE. Additionally, with increasing amounts of wheat DDGS, mean ruminal pH tended (P = 0.10) to linearly decrease, and ruminal pH status decreased with longer (P = 0.04) duration of pH <5.5 and <5.2, and greater (P = 0.01) curve area under pH <5.8 and <5.5 without altering (P > 0.19) ruminal VFA and NH 3 -N concentrations. Results indicated that wheat DDGS can be effectively used to replace both barley grain and silage at a moderate amount to meet energy and fiber requirements of finishing cattle. However, when silage content of the diet is low (<10%), wheat DDGS is not an effective fiber source, so replacing forage fiber with wheat DDGS in finishing diets decreases overall ruminal pH status even though the rapidly fermentable starch content of the diet is considerably reduced.
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INTRODUCTION
Expansion of fuel ethanol production in North America has resulted in a significant increase in the use of distillers grains (DG) in the diets of feedlot cattle. Corn DG has been used for many years in both beef and dairy cattle rations, and its nutritional characteristics and feeding value have been well documented (Klopfenstein et al., 2008; Schingoethe et al., 2009) . In western Canada, wheat has also been explored as a substrate for ethanol production, but only a limited amount of research has been conducted to determine the value of wheat-based dried DG with solubles (DDGS) in cattle diets. When wheat DDGS replaced moderate amounts of grain in finishing cattle diets, the energy value of wheat DDGS was at least equal to that of barley (Beliveau and McKinnon, 2008; Gibb et al., 2008) . The reduced starch, but increased fiber content of wheat DDGS may help reduce ruminal acidosis and thus reduce the incidence of other digestive problems. Therefore, partial replacement of grain with wheat DDGS may be an attractive feeding strategy for minimizing subacute ruminal acidosis in feedlot cattle. Furthermore, a possible reduction in subacute ruminal acidosis by feeding wheat DDGS may also reduce the requirement for physically effective fiber (peNDF), thus reducing the need for roughage in feedlot cattle diets (Klopfenstein et al., 2008) . To our knowledge, there are no data available on using wheat DDGS to partially or entirely replace silage in a finishing diet. Therefore, a study was conducted to evaluate the effects of incorporating wheat DDGS in feedlot diets when used to partially replace barley grain and partially or entirely replace silage in finishing beef diets. The study focused on assessing the effects of wheat DDGS on feed intake, digestibility, and ruminal fermentation in feedlot cattle.
MATERIALS AND METHODS
This study was approved by the Animal Care Committee of the Agriculture and Agri-Food Canada, Lethbridge Research Centre, Lethbridge, Alberta, and was conducted according to the guidelines of the Canadian Council on Animal Care (1993).
Animals, Experimental Design, and Diets
Eight Angus heifers with ruminal cannula (initial BW 455 ± 10.8 kg) were randomly assigned to 1 of 4 treatments in a replicated 4 × 4 Latin square experiment balanced for carry-over effects. Each period consisted of 12 d of adaptation to the new diets and 9 d of experimental measurements. The 4 experimental diets (treatments) were control (0% DDGS), low (25% DDGS), medium (30% DDGS), and high (35% DDGS) wheat DDGS (DM basis). The diets consisted of barley silage, concentrate (barley grain + supplement), and wheat DDGS in ratios of 15:85:0 (CON), 10:65:25 (25DDGS), 5:65:30 (30DDGS), and 0:65:35 (35DDGS; DM basis), respectively ( Table 1) . The 25DDGS diet was formulated to determine whether decreasing the dietary starch content by replacing both barley grain and barley silage with wheat DDGS reduces subacute ruminal acidosis. If ruminal acidosis is reduced due to less dietary starch content, less silage may be needed in finishing diets. The 30DDGS and 35DDGS diets tested whether the NDF from wheat DDGS is as effective as roughage NDF when the dietary starch content is reduced. The supplement contained protein, minerals, and vitamins in excess of the National Research Council (NRC, 1996) nutrient requirements for beef cattle gaining 1.5 kg of BW/d. A single lot of wheat DDGS obtained from Terra Grain Fuels, Regina, Saskatchewan, Canada, was used for the study. Diets were prepared daily using a feed mixer (Data Ranger, American Calan Inc., Northwood, NH). The cattle were adapted to the experimental diets by gradually increasing the proportion of concentrate over a period of 4 wk before starting the experiment.
The cattle were fed once daily (1100 h) at an amount that ensured approximately 5% orts. Feed offered and refused were recorded daily for each heifer for the entire experiment. The TMR and barley silage were sampled once a week to determine DM content, and the diets were adjusted to account for these changes. Samples of barley grain and wheat DDGS were also collected weekly and composited for each period. Refusals were collected during the last 7 d of each period. The samples were oven-dried at 55°C for 48 h and ground through a 1-mm screen (standard model 4, Arthur Thomas Co., Philadelphia, PA) for subsequent chemical analysis.
The cattle were housed in individual tie-stalls on rubber mattresses and bedded with wood shavings. However, no bedding was provided during the collection period. Water was available freely throughout the experiment. The heifers were exercised daily in an outdoor pen for 1 h as the measurement and sampling schedule permitted. Heifers were weighed at the beginning of the first period and at the end of each period.
Intake, Total Digestibility, and Urine Collection
Feed intake (kg/d) for each heifer was calculated as the difference between the feed offered and refused during the last 7 d of each period. Total collection of feces and urine was conducted during 5 consecutive days (d 16 to 21) for each period. The excreted feces were collected using pans placed behind the animal and weighed daily. The feces were then thoroughly mixed and about 5% of the total feces were taken and freeze-dried to determine DM, then the dried samples were pooled for each heifer within period for chemical analyses.
Total urine was collected from the bladder of each heifer using indwelling balloon catheters (26 French, 75-mL balloon; C. R. Bard Inc., Covington, GA), and directed through tubing into 20-L plastic buckets containing a sufficient quantity of acid (~1 L of 4 N H 2 SO 4 ) to reduce pH to <2.5. The volume of urine excreted was recorded daily, and then 2 sets of about 1% of the total urine were taken, with 5 times dilution, then stored at -20°C for analysis of allantoin and uric acid. Total purine derivatives (PD) excreted (mmol/d) were estimated as the sum of uric acid and allantoin as an indicator of microbial protein synthesis.
Ruminal pH and Fermentation
Ruminal pH was monitored continuously for 120 h during d 12 to 17 of each experimental period using the Lethbridge Research Centre Ruminal pH Measure-ment System (LRCpH, Dascor, Escondido, CA) as described by Penner et al. (2006) . Ruminal pH readings were taken every 30 s and stored by the data logger (model M1b-pH-1KRTD, Dascor). The daily ruminal pH data were averaged for each min and summarized as minimum pH, mean pH, maximum pH, and duration below and area under the curve at pH 5.8, 5.5, and 5.2. The area under the curve was calculated as the sum of the absolute value of pH deviations below the curve multiplied by the duration below the curve, reported as pH × h/d. Ruminal acidosis was defined as ruminal pH <5.8 and was further characterized as mild when 5.8 > ruminal pH >5.5, moderate when 5.5 > ruminal pH >5.2, and acute when ruminal pH <5.2 (Nocek, 1997; Penner et al., 2007) . Durations and area under pH 5.8, 5.5, and 5.2 were considered an indication of the extent of ruminal acidosis.
Ruminal contents were collected on d 15 of each period. Samples were taken at −1, 1, 3, 5, 7, and 9 h after feeding. Approximately 0.5 L of ruminal contents was obtained from multiple sites within the rumen and strained through nylon mesh (pore size 355 μm; Pe-CAP, B & SH Thompson, Ville Mont-Royal, Québec, Canada). Subsamples (5 mL) of filtrate were preserved with 1 mL of 25% (wt/vol) HPO 3 and 1 mL of 1% H 2 SO 4 for determining VFA and NH 3 -N concentrations, respectively. The samples were stored frozen at −20°C until analyzed. In addition, 1 mL of filtrate was preserved with 5 mL of methyl green-formalin-saline solution and stored in darkness at room temperature for enumeration of protozoa.
In Situ Procedures
In situ ruminal incubations were conducted to determine disappearance of the individual experimental feeds (i.e., barley silage, barley grain, or wheat DDGS) in the rumen of each heifer. Five grams (DM basis) of fresh silage (ground twice for 20 s with a Knifetec 1095 sample mill, Foss Tecator, Höganäs, Sweden), temper- Physically effective fiber (peNDF) was determined by multiplying dietary NDF content by the proportion of the DM retained on the 19-and 8-mm sieves of a Penn State Particle Separator (Lammers et al., 1996). 9 Estimated based on beef NRC (1996) . rolled barley grain, or wheat DDGS were weighed into bags (10 × 20 cm) made of monofilament PeCAP polyester (pore size, 51 ± 2 μm; B & SH), and heat sealed. A polyester mesh bag (20 × 30 cm) anchored to the rumen cannula by a 90-cm length of rope was used to hold the bags in the rumen. Duplicate bags for each incubation time and each feed were placed in the rumen of each heifer for 0, 2, 4, 6, 12, 24, and 48 h in reverse order of incubation time so that all bags were removed simultaneously. The 0-h samples were not placed in the rumen, but were treated to the same soaking and rinsing procedures described for the other bags. Upon removal, bags were washed under running tap water until the effluent was clear and oven-dried at 55°C for 48 h. Bags and contents were weighed for the calculation of DM disappearance. The residues from duplicate bags belonging to the same feed and incubated in the same animal were pooled and ground through a 1-mm screen for chemical analysis. Kinetics of DM and CP disappearance in situ were estimated by the nonlinear regression procedure (SAS Inst. Inc., Cary, NC) according to the model of McDonald (1981) :
where y is ruminal disappearance at time t, a = soluble fraction; b = slowly degradable fraction; c = fractional disappearance rate constant at which b is degraded; and t = time of incubation (h). Effective ruminal degradability (ED) of DM (barley grain and wheat DDGS), and CP (wheat DDGS) was estimated using the equation of Ørskov and McDonald (1979) :
where k = the ruminal flow rate of 0.06 h −1 (assumed). The NDF disappearance after 24 and 48 h of incubation in the rumen was estimated as the difference between the amount added to the bags and that left in the residue after ruminal incubation.
Chemical Analyses
Chemical analyses were performed on each sample in duplicate, and when the CV for the replicate analysis was more than 5%, analysis was repeated. Analytical DM was determined by oven drying at 135°C for 2 h (AOAC, 1995; method 930.15) . Ash content was determined by combustion at 550°C for 5 h, and OM content was calculated as the difference between 100 and the percentage of ash (AOAC, 1995; method 942.05) . The NDF was determined as described by Van Soest et al. (1991) using heat-stable α-amylase (Termamyl 120 L, Novo Nordisk Biochem, Franklinton, NC) without sodium sulfite. The ADF was determined according to AOAC (1995; method 973.18 ). The NDF and ADF values are expressed inclusive of residual ash. For the measurement of starch and CP (N × 6.25), samples were ground using a ball mill (Mixer Mill MM 2000, Retsch, Haan, Germany) to a fine powder. Starch was determined by enzymatic hydrolysis of α-linked glucose polymers as described by Rode et al. (1999) . Total N was determined by flash combustion and thermal conductivity detection (model 1500, Carlo Erba Instruments, Milan, Italy). Ether extract (EE) was determined using ether extraction (Extraction Unit E-816, Büchi Labortechnik AG, Flawil, Switzerland; AOAC, 1995, method 920.39).
Ruminal VFA were separated and quantified using a gas chromatograph (model 5890, Hewlett-Packard Lab, Palo Alto, CA) with a capillary column (30 m × 0.32 mm i.d., 1-μm phase thickness, Zebron ZB-FAAP, Phenomenex, Torrance, CA), and flame ionization detection, crotonic acid (trans-2-butenoic acid) was used as the internal standard. Concentration of NH 3 -N in the ruminal contents was determined as described by Rhine et al. (1998) . Ruminal protozoa were counted using a Fuchs-Rosenthal counting chamber (Hausser Scientific Partnership, Horsham, PA).
Statistical Analyses
Data were analyzed using the MIXED procedures (SAS) for a replicated 4 × 4 Latin square design. The mixed model included the fixed effects of treatment (diet) and the random effects of square, heifer within square, and period within square. Day (or time within day) was considered a repeated measure for variables measured over time. For the repeated measures, various covariance structures were tried with the final choice depending on low values for the Akaike's information criteria. Contrasts were generated to compare the CON and 25DDGS diets. The effect of increasing amounts of wheat DDGS in the diet was examined through linear and quadratic orthogonal contrasts using the CON-TRAST statement of SAS. Differences were declared significant at P < 0.05. Trends were discussed at 0.05 < P < 0.10 unless otherwise stated.
RESULTS

Intake, Digestibility, and Urine PD Excretion
Intakes of DM and OM were not different between CON and 25DDGS, but intakes of CP, NDF, ADF, and EE were greater (P < 0.01) for 25DDGS than for CON ( Table 2) . As expected, intake of starch was less (P < 0.01) with 25DDGS than with CON. Substituting wheat DDGS for barley silage linearly (P < 0.05) decreased intakes of DM and other nutrients (except for that of CP).
Digestibilities of DM (P = 0.02) and OM (P < 0.01) in the total digestive tract of heifers fed 25DDGS were less, but digestibilities of CP, NDF, ADF, and EE were greater (P < 0.05), than for those fed the CON diet (Table 2) ; digestibility of starch was numerically less (P = 0.07) than that for the CON diet. Increased substitution of wheat DDGS for barley silage linearly (P < 0.01) increased the digestibilities of DM and OM as well as those of CP, ADF, and starch. The digestibility of NDF quadratically (P < 0.01) increased as more barley silage was replaced with wheat DDGS.
Amounts of allantoin and uric acid excreted in the urine were greater (P < 0.01) with 25DDGS compared with CON; consequently, the total excretion of PD was greater (P < 0.01; Table 2 ). Increased substitution of wheat DDGS for barley silage tended to quadratically change the amount of allantoin (P = 0.11), uric acid (P = 0.09), and PD (P = 0.09) excreted with the lowest amount when silage was entirely replaced by wheat DDGS (i.e., 35DDGS).
Ruminal pH and Fermentation
Ruminal pH over the 24-h day for all the treatments was greatest just before the 1100 h feeding with ruminal pH declining until 2100 h, and then increasing until 0600 h the next morning (Figure 1 ). This pattern was generally similar among treatments, but the pH in heifers fed 30DDGS and 35DDGS diets declined more rapidly than that in heifers fed CON, resulting in a lower (P < 0.05) ruminal pH between 1300 to 2100 h for heifers fed the 30DDGS and 35DDGS. There were no differences in mean, minimum, and maximum ruminal pH or in the duration of pH <5.8, <5.5, <5.2 and the area below the curve at pH 5.8, 5.5, or 5.2 between CON and 25DDGS diets (Table 3) . Increased replacement of barley silage with wheat DDGS linearly increased the duration of pH <5.5 (P = 0.04) and pH <5.2 (P = 0.04), and the area below the curve at pH 5.8 (P = 0.01) or pH 5.5 (P = 0.01). The mean ruminal pH tended to quadratically (P = 0.10) decrease, and the area below the curve at pH 5.8 tended to quadratically (P = 0.10) increase with increased replacement of barley silage with wheat DDGS.
Total ruminal VFA concentration was not different between CON and 25DDGS (Table 4) . Similarly, the molar proportions of individual VFA (except for branched-chain VFA) as well as ratio of acetate to propionate were not different for 25DDGS compared with CON. However, increasing the substitution of DDGS for silage linearly (P < 0.01) decreased the molar proportion of acetate and tended to linearly (P = 0.09) decrease the acetate-to-propionate ratio. Heifers fed 25DDGS tended (P = 0.06) to have greater ruminal NH 3 -N concentration and had greater (P < 0.01) ruminal osmolality compared with CON, whereas no differences were observed among the heifers fed the wheat DDGS diets. Total numbers of protozoa were not different between CON and 25DDGS, but numbers tended to linearly (P = 0.10) decrease with increasing substitution of wheat DDGS for barley silage. Additionally, the proportions (% of total) of Entodiniummium, Isotricha, and Dasytricha did not differ among treatments. 
In Situ Ruminal Disappearance
For barley grain, in situ kinetic parameters of DM as well as the disappearance of NDF after 24 or 48 h of incubation were not affected by the diets (Table 5) . However, for wheat DDGS, ruminal kinetics of DM and CP were consistently affected by the diets. The slowly degradable fraction and ED of DM were greater (P = 0.01; P = 0.03) with 25DDGS than with CON, whereas the slowly degradable fraction of DM quadratically (P < 0.01) decreased with increasing wheat DDGS. The effects of diet on the kinetic parameters of CP were minimal except that the ED of CP was greater (P = 0.03) for 25DDGS than for CON diets. The NDF disappearances after 24 h of incubation in the rumen were not affected by the diets, whereas the NDF disappearances after 48 h of incubation in the rumen were less (P = 0.04) for 25DDGS than for CON diets, and linearly (P = 0.01) decreased with increasing substitution of wheat DDGS for barley silage. For barley silage, in situ ruminal NDF disappearances after either 24 or 48 h of incubation were not different between CON and 25DDGS diets. However, increased substitution of wheat DDGS for barley silage linearly (P = 0.01) decreased the NDF disappearance regardless of the duration of ruminal incubation (i.e., 24 or 48 h). , respectively, for CON, 25DDGS, 30DDGS, and 35DDGS. The feeding time was 1100 h. Treatment × time; P < 0.01. Means differ for 30DDGS vs. CON and 25DDGS at time 1 (P < 0.01), 6 (P < 0.02), and 7 (P < 0.04), and for CON vs. 30DDGS and 35DDGS at time 13 and 14 (P < 0.01), for CON and 25DDGS vs. 30DDGS and 35DDGS at time 15 to 21, inclusive (P < 0.05). Pooled SEM = 0.11; n = 8 heifers per treatment. 
DISCUSSION
Substitution of DDGS for Grain and Silage
The nutrient content of wheat DDGS has been reported to range widely: from 36 to 46% for CP and from 25 to 55% for NDF (Patience et al., 2007; Beliveau and McKinnon, 2008; Gibb et al., 2008; McKinnon and Walker, 2008) . The wheat DDGS used in our study had a chemical composition similar to that reported by Gibb et al. (2008) for CP (46%), NDF (29%), and EE (4.6%). However, it was different from other reports by Beliveau and McKinnon (2008) and Nuez-Ortín and Yu (2009) for CP (36 to 39%) and NDF (45 to 48%). Variability in chemical composition of DDGS produced by different ethanol plants is not uncommon, and the wheat DDGS used in the current study was obtained from a different plant from that sourced by Beliveau and McKinnon (2008) , and Nuez-Ortín and Yu (2009).
Lack of an effect on DMI with reduction of dietary starch content by partly replacing barley grain and silage with wheat DDGS is in agreement with other reports in which wheat DDGS replaced barley grain. In those reports, DMI of finishing beef cattle was not affected by increasing wheat DDGS from 0, 6, 12, 18 to 23% of dietary DM (Beliveau and McKinnon, 2008) or from 0, 7, 14 to 21% of dietary DM (Beliveau and McKinnon, 2009) . Similarly, Gibb et al. (2008) reported no difference in DMI between diets containing 0 and 20% wheat DDGS (with wheat DDGS replacing barley grain), whereas DMI was greater with further inclusion of wheat DDGS to 40 and 60% of dietary DM. Partly replacing both corn grain and corn silage with 25% of corn DDGS in a feedlot finishing diet, May et al. (2010) also reported no difference in DMI by beef heifers.
Dry matter intake of high-grain finishing diets varies with NDF (Galyean and Defoor, 2003) and energy content (NRC, 1996) . However, the NDF and energy (NE g ) contents of the CON and 25DDGS diets were not different. Based on the performance of steers fed finishing diets with up to 23% barley grain being replaced by wheat DDGS, Beliveau and McKinnon (2008) suggested the NE m and NE g contents of wheat DDGS were similar to those of barley grain. Additionally, Gibb et al. (2008) estimated that the NE g of wheat DDGS was 5.69 MJ/kg of DM when finishing diets contained 20% wheat DDGS (replacing barley grain), a value close to the NE g content of barley grain (5.86 MJ; NRC, 1996) . The formulation of diets and the chemical composition of wheat DDGS used in the study of Gibb et al. (2008) were similar to the present study. Other factors such as CP or EE appeared not to have affected DMI in our study, likely because the CP content of the 25DDGS diet exceeded animal requirements. Furthermore, the EE content of the 25DDGS diet was close to that of CON, and much less than that observed by Zinn (1992) , who observed a 4% reduction in DMI when dietary EE increased from 3 to 8% of DM.
The lack of response in ruminal pH to the replacement of grain (20%) and silage (5%) with 25% of wheat DDGS was not expected. The results contrast to our hypothesis that substitution of a nonstarch concentrate (wheat DDGS) for a source of highly fermentable starch (barley grain) should decrease VFA concentrations and consequently increase ruminal pH. The wheat DDGS used in this study seemed to be readily available 2 CON vs. 25DDGS (contrast) = effect of replacing 20% barley grain and 5% barley silage with wheat DDGS; linear, quadratic = linear or quadratic effect of replacing barley silage with additional wheat DDGS (25DDGS, 30DDGS, and 35DDGS).
3 Branched-chain VFA (isobutyrate + isovalerate).
in the rumen; in situ results indicated that the soluble fraction and ED of DM were greater for wheat DDGS than for barley grain. The in situ soluble fraction of wheat DDGS DM from this study was greater than that (29%) reported by Nuez-Ortín and Yu (2010) . The discrepancy between the 2 studies was likely due to the decreased NDF content of the wheat DDGS used in the present study (23.7 vs. 48.1%), as well as its greater soluble fraction. Consequently, when wheat DDGS replaced barley grain and silage in the diet, there was no effect on ruminal VFA concentrations. In support of our finding, Nuez-Ortín and Yu (2010) reported that the in situ ruminal ED of wheat DDGS DM (57.7%) was greater than that of corn DDGS DM (52.4%). Thus, reducing the dietary starch content by substituting wheat DDGS for barley grain and silage did not reduce the fermentability of the diet, which explains the lack of effect on ruminal pH. In addition, the peNDF content of the diet, measured using the 19-and 8-mm sieves of the Penn State Particle Separator (Lammers et al., 1996) , was slightly less for the 25DDGS diet because one-third of the barley silage was replaced by wheat DDGS, which would have reduced chewing activity. The results indicate that partial substitution of wheat DDGS for barley grain and silage has minimal impact on ruminal pH and ruminal fermentability of feed as long as adequate silage (10 to 15% of DM) was provided.
There is a paucity of published information on the digestibility of wheat DDGS-based finishing diets. Gibb et al. (2008) reported a 10% decrease in DM digestibility in the digestive tract of beef heifers when finishing diets contained 60% wheat DDGS, substituted for barley grain. We found a reduction in the total tract digestibilities of DM (−1.5% units) and OM (−2% units) by heifers fed 25DDGS compared with those fed CON, but the reduction in total tract digestibilities and amount of wheat DDGS used were considerably less than in the study (−7.5% units) by Gibb et al. (2008) . The proportion of silage (10%) in the diet used by Gibb et al. (2008) was the same as in the 25DDGS diet. The results suggest that increasing the inclusion In situ NDF disappearance after 24 or 48 h of incubation in the rumen.
rate of wheat DDGS in high-grain finishing diets may negatively affect the total DM digestibility when the silage is adequate. The ruminal CP degradability of wheat DDGS used in our study was greater than that reported (47%) by Yu (2009, 2010) , possibly because the neutral detergent insoluble CP (% of CP) of wheat DDGS was much less in our study (13%) than in their study (56%).
The greater NDF digestibility of 25DDGS compared with CON may be explained by the large fraction of digestible NDF in corn DDGS (Ham et al., 1994; Vander Pol et al., 2009 ), a property that reflects the reduced lignin content of corn DDGS. Nuez-Ortin and Yu (2009) reported greater in situ 48-h disappearance of NDF from corn DDGS (79%) vs. corn (45%) and from wheat DDGS (64%) vs. wheat (51%). Whether the increase in total tract NDF digestibility that occurred with dietary inclusion of wheat DDGS resulted from increased ruminal or intestinal digestion or both is not known. However, the observed in situ ruminal NDF disappearance and ruminal acetate proportion do not support the notion of greater ruminal NDF digestion with the 25DDGS diet. The result indicated that substitution of wheat DDGS for barley grain and silage may adversely affect the total tract digestibility of DM, although the digestibility of CP and NDF may be improved.
Urinary PD excretion is used as an indication of ruminal microbial protein synthesis. Greater urinary PD excretion of heifers fed 25DDGS suggested an increase in microbial protein synthesis when barley grain and silage were partially replaced by wheat DDGS. Moorby et al. (2006) observed that PD production was positively correlated to DMI, ruminal digested OM, and microbial CP flow to the duodenum of dairy cows. Thus, it is possible that the greater urinary PD excretion for the 25DDGS diets might have been caused by the numerically greater (P = 0.15) DMI of these cattle. However, the greater urinary PD excretion might have resulted from an incomplete degradation of yeast RNA in the rumen due to the significant amount of yeast in corn DDGS (Liu, 2011) . However, this hypothesis seems to not be supported by the report by Leupp et al. (2009) that steers fed increasing corn DDGS (from 0, 15, 30, 45 to 60% of dietary DM) produced similar amounts of microbial CP as quantified by measuring the duodenal flow of purine as a microbial marker. The results indicated that the purine at the duodenum did not increase with increasing corn DDGS inclusion rate. Similarly, Janicek et al. (2008) did not observe an increase in urinary PD excretion in lactating dairy cows fed a diet that contained 30% corn DDGS vs. a diet that did not contain corn DDGS. Therefore, it is not evident that the yeast from either wheat DDGS or corn DDGS in the rumen was not mostly digested. Nevertheless, caution is required to interpret the increased urinary PD excretion with DDGS diets as an indication of the increased ruminal microbial protein synthesis due to uncertainty of complete digestion of yeast from DDGS.
Substitution of DDGS for Barley Silage
The main effect of substituting wheat DDGS for barley silage (i.e., 10, 5, and 0% barley silage) on chemical composition of the diet was slight reductions of NDF, peNDF, and starch contents, with minor increases in CP and NE g contents. The linear decrease in DMI with increased substitution of wheat DDGS for barley silage likely resulted from the linear decline in ruminal pH. Linear increased durations and area of pH under pH 5.8, 5.5, and 5.2 indicated increased extent of ruminal acidosis with decreasing forage proportion in the diets. It is well known that DMI is reduced when beef cattle experience subacute ruminal acidosis (SchwartzkopfGenswein et al., 2003) . Brown et al. (2000) observed a high correlation between DMI and nadir ruminal pH on the previous day for feedlot cattle, suggesting that animals may adjust their subsequent intake to recover from low ruminal pH.
A substantial reduction in DMI occurred when silage was completely eliminated from the diet (−12%; 35DDGS vs. 30DDGS), whereas the DMI was not affected by only a partial removal of forage from the diet (i.e., 25DDGS vs. 30DDGS). The substantial reduction in DMI by heifers fed the silage-free diet seemed not to be caused by a reduction of ruminal pH because pH status did not further decline between 30DDGS and 35DDGS diets. The results suggest that reducing ruminal pH generally decreases DMI but when ruminal pH decreases to a critical level; cattle decrease DMI to prevent further reduction in ruminal pH. This finding is in agreement with Loerch and Fluharty (1998) , who observed reductions in DMI (−11%) when all of the forage was removed from a finishing diet containing 15% corn silage. However, only a tendency for reduced DMI was reported for steers fed a finishing diet in which barley grain was partially replaced and barley silage was entirely replaced with triticale DDGS (Wierenga et al., 2010) .
Our results suggested that wheat DDGS is less effective than barley silage for maintaining ruminal pH even though the rapidly fermented starch content of diets containing wheat DDGS is less compared with conventional finishing diets. Beliveau and McKinnon (2009) indicated that because particles in wheat DDGS are mostly <1.18 mm in length, its fiber can be classified as non-physically effective. The tendency for a quadratic effect on mean ruminal pH, the duration of pH <5.8 and the area under pH <5.8 with increasing replacement of barley silage with wheat DDGS suggested that cattle potentially avoided subacute ruminal acidosis through a reduction in DMI. As a result, ruminal VFA concentration tended to be quadratically changed with the least concentration for heifers fed the 35DDGS diet. Although this mechanism would protect animals from severe ruminal acidosis, the decrease of feed intake would negatively affect daily BW gain. Our results demonstrate the important role of roughage in high-grain finishing diets to maintain ruminal pH.
The ratio of acetate to propionate was within the range previously reported for barley-based finishing diets with (Beliveau and McKinnon, 2009) or without (Beauchemin et al., 2001) wheat DDGS. The quadratic decrease in the ratio of acetate to propionate as barley silage content of the diet was reduced resulted primarily from a linear decrease in the molar proportion of acetate and a quadratic change in molar proportion of propionate. Reducing the acetate-to-propionate ratio should improve feed conversion efficiency of growing cattle as more propionate would be provided for gluconeogenesis. Decreased molar proportion of acetate suggests that ruminal NDF digestion was decreased, possibly due to reduced ruminal pH. This explanation is supported by the linear reduction of in situ NDF disappearance of barley silage and wheat DDGS.
Ruminal protozoa are very sensitive to their environment (Hironaka et al., 1979) , and particularly to ruminal pH (Hungate, 1966) . The tendency of decreased numbers of protozoa with increased replacement of silage by wheat DDGS is consistent with decreased ruminal pH. Ruminal osmolality was overall greater than the value (296 mOsm) reported by Beliveau and McKinnon (2009) for heifers fed finishing diets varying in content of wheat DDGS (from 0 to 21% of dietary DM), but was still under 350 mOsm, the level considered to inhibit ruminal motility and rumination (Welch, 1982) . Further, the difference in osmolality was only observed between CON and wheat DDGS diets, and increasing wheat DDGS from 25 to 35% did not change ruminal osmolality. Based on the ruminal fermentation results, it appears that changes in osmolality had minimal impact on ruminal microbial activity.
Linearly increased total digestibilities of DM and other nutrients with increasing wheat DDGS in the diets likely resulted from the replacement of less digestible barley silage with the more highly digestible wheat DDGS, an observation that is supported by the in situ results. However, because DMI was linearly reduced with inclusion of wheat DDGS, the amount of DM digested in the rumen was not increased. Consequently, ruminal VFA concentration tended to be quadratically changed with the least concentration for 35DDGS, and no difference between 25DDGS and 30DDGS.
In conclusion, reducing starch content of feedlot finishing diets by substituting a portion of the temperrolled barley (20%) and barley silage (5%) with equal wheat DDGS did not alter feed intake or ruminal pH status, but reduced the digestibility of DM in the total digestive tract. Ruminal VFA concentration and its molar proportion were not affected by adding wheat DDGS to diets. These results suggest that the feeding value of a barley-based feedlot finishing diet is similar to that of a diet with a moderate substitution of 25% of wheat DDGS for barley grain and silage. However, ruminal pH status was not improved despite reduced starch content in finishing diets containing wheat DDGS as a replacement for barley grain and silage.
Further reducing dietary silage from 10 to 5% with adding wheat DDGS reduced the ruminal pH status of the cattle. However, cattle were able to prevent a further decline in ruminal pH status of cattle fed 5% vs. those fed 0% silage by adjusting feed intake; thus, cattle fed an all-concentrate diet consumed considerably less feed to maintain a similar ruminal pH status as cattle fed a diet containing minimal silage (i.e., 5% dietary DM). Replacing silage (partially or entirely) with wheat DDGS may improve feed efficiency because of reduced feed intake, improved digestibility, and likely more glucogenic ruminal fermentation pattern.
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